Introduction
Glioblastoma multiforme (GBM) is the most common histological type of primary brain tumor in adults. It accounts for more than half of all adult primary brain tumors diagnosed annually in the United States [1] . GBM is most prevalent in patients 65-84 years of age, although this is the group that has least been studied in the literature [2] . An increase in the diagnosis of GBM's has been noted across the country. It is believed that stereotactic biopsy and the improvement and increased usage of imaging techniques have contributed to this upwards trend [3] . For those diagnosed, the current standard of care is surgical resection along with radiotherapy postoperatively [4] . The optimal management of this CNS neoplasm in the elderly is still a matter of debate, with several combinations beings studied. A number of small, prospective studies have shown the benefit of a tri-modal approach involving chemotherapy, radiation therapy, and surgical resection in elderly patients [4] [5] [6] [7] [8] . Most recently, RTOG studied the use of upfront stereotactic radiosurgery, radiation therapy, and carmustine (BCNU) versus radiation therapy and BCNU alone. The results did not demonstrate additional difference in survival [9] . We are unaware of a study that studied radiosurgery alone with chemotherapy. We are interested in determining if our experience using Gamma Knife, chemotherapy, and surgery to treat GBM in patients 65 years old and older is comparable to the current standard of care with overall survival as the primary endpoint of this prospective study.
Materials And Methods

Patients
We prospectively treated 167 patients at least 65 years old with a clinical diagnosis of glioblastoma, all of whom had been treated solely at the Miami Neuroscience Center during the period of December 1993 to September 2010. Patient selection was based on the knowledge that patients had not undergone whole brain radiation or fractionated radiotherapy. Out of this group, we excluded 127 patients whom did not meet the aforementioned criteria or where pathology was not confirmed or available. This left 40 patients, 65 years of age and older with a histologically proven diagnosis of GBM and no previous radiation therapy. No other inclusion or exclusion criteria were applied.
Treatments
All patients had a pathologically confirmed diagnosis of GBM. Date of diagnosis was defined as the date of biopsy or surgery. We defined all surgical interventions beyond biopsy as "surgery", except as otherwise stated. We did not differentiate between a total or subtotal resection. The model Gamma Knife used changed throughout the course of the study, first beginning with the Model U, followed by the Model C, and currently, the Perfexion.
Statistical analysis
We defined overall survival (OS) time as the primary endpoint of this retrospective study. OS was measured from the date of diagnosis of glioblastoma multiforme. We performed uni-and multi-variate analyses to determine the differences in OS between our treatment modalities and our patients' KPS scores pre-treatment. We set the P value as .05 as the criterion for significance.
All tests of statistical significance were two-sided and all analyses were performed using Microsoft Excel for Mac 2011 (Microsoft Inc.).
Results
A full listing of patient and treatment characteristics can be found in Table 1 . The mean age was 73.1 years (SD 6.9 years; range, 65-95), and the gender distribution was slightly skewed in favor of females (55% vs 45 %). All patients received Gamma Knife radiosurgery in a single treatment; some had multiple treatments to treat tumor recurrence or new lesions. The medial total dose was 11 Gy with a median of 9 isocenters to the 45% line. Chemotherapeutic agents were limited to 25 of the 40 patients (62.5%). They received avastin (4%), temozolomide (80%), avastin + temozolomide (12%), and irinotecan + avastin (4%). Surgically, all patients received at least biopsy, and 21 (52.5%) received total or subtotal resection. In the patients who entered treatment with a KPS score of 80 or better, their median KPS improved from an 80 to a 90. For those patients entering treatment with a KPS score of 70 or worse, they maintained a median KPS value of 70 before and after treatment. For the same group of patients that began treatment with a KPS of 80 or better, their median OS was 11.79 months as compared to 8.25 months for the group that began with 70 or worse (P=.071). OS broken down by KPS can be found in Figure 1B . Analysis showed that patients treated with GK, surgical resection, and chemotherapy (median OS of 14.2) had a significantly higher (P=.03) OS than patients treated with GK, chemotherapy, and no surgical resection (median OS of 8.9 months) and than patients with GK, surgical resection, and no chemotherapy (median OS of 5.37 months). OS for all patients was 10.9 months (Figure 1) . OS by treatment modality can be found in Figure 1C . 
Discussion
The treatment of GBM in elderly populations has largely been left up to the discretion of physicians and treatment centers, due to the lack of a robust body of data and consensus. Different modalities have been employed in several combinations, ranging from conservative to aggressive. The standard of care currently is surgical resection combined with radiotherapy postoperatively. Mohan, et al. demonstrated that radiation was of value in increasing median OS [10] . Roa, et al. demonstrated that there was no statistical difference between standard radiation therapy (60 Gy in 30 fractions) or a shorter course (40Gy in 15 fractions) [11] . In studies on external beam radiation for GBM, Scott, et al. demonstrated that a combination of chemotherapy, surgical resection and fractionated RT in elderly patients was associated with a median OS of 13.3 months [12] . Our study results strongly support the use of Gamma Knife (GK) radiosurgery as an alternative to fractionated external beam radiation therapy.
The use of adjuvant chemotherapy as a standard of care for newly diagnosed patients with GBM was established by the study conducted by Stupp, et al. [13] . The addition of temozolomide to radiotherapy for newly diagnosed glioblastoma resulted in a clinically meaningful and statistically significant survival benefit with minimal additional toxicity. In elderly patients with GBM, the addition of chemotherapy to surgical and radiotherapy protocols was shown to be beneficial by Brandes, et al [6] . The trial showed that the addition of chemotherapy confers significant benefit to patients 65 or older. Our study results are in agreement with their conclusions. Although we did not parse the differences between different chemotherapeutic agents, our study showed that its addition increased OS for patients treated with GK and surgical resection (median of OS 14.3) from those who did not receive chemo (median OS of 5.37).
Randomized studies established the role of radiotherapy as part of the treatment of GBM in the late 1970's and 1980's [14] [15] . This role has been confirmed in a more recently systematic review [16] . Building upon this evidence, dose escalation studies were performed but failed to show a benefit after radiosurgery in the setting of recurrent GBM was shown to be potentially promising. The RTOG 93-05 investigated the use of radiosurgery upfront in newly diagnosed GBM patients. This trial failed to show a benefit of this approach [9] and radiosurgery subsequently fell out of favor in this setting. However, we began utilizing Gamma Knife radiosurgery in place of conventional fractionated EBRT in elderly patients at upfront diagnosis to minimize the treatment time and effort required during the patient's remaining short life span. At that time median survival for elderly patients was only a handful of months. We agree with the literature that EBRT as part of aggressive treatment of GBM in elderly patients is warranted [12] . This alternative approach offers a truly hypofractionated schema using a single fraction regimen. This study confirms that our results are equivalent to those reported in the literature with EBRT (with short vs long course) for elderly patients with GBM [11] .
A final consideration in the treatment of elderly patients with GBM is the cognitive implications of the RT modalities. Chang, et al. demonstrated that patients with brain metastasis treated with stereotactic radiosurgery (SRS), plus whole brain radiation therapy (WBRT), were at a greater risk of a significant decline in learning and memory function by four months compared with the group that received SRS alone. He goes on to recommend SRS and close clinical monitoring as the preferred treatment strategy to better preserve learning and memory in patients with newly diagnosed brain metastases [17] . 
Conclusions
Aggressive treatment of the elderly is justified given the difference in the outcome of patients who receive Gamma Knife, surgery and chemotherapy versus no surgery and that addition of chemotherapy demonstrates increased OS. Furthermore, the results of patient cohort using radiosurgery alone are better than using conventional radiation therapy. If in fact further studies reveal that single treatment using radiosurgery is equivalent to five to six week fractionated paradigms, this saves the patients a significant amount of time spent in therapy, avoids toxicity, and allows for further therapy if necessary to distal sites with radiosurgery.
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